The aim of this paper is to estimate short-term forecasts of the US GDP components by expenditure approach sooner than they are officially released by the national institutions of statistics. For this reason, nowcasts along with 1-and 2-quarter forecasts are estimated by using available monthly information, officially released with a considerably smaller delay. The high-dimensionality problem of the monthly dataset used is solved by assuming sparse structures for the choice of leading indicators, capable of adequately explaining the dynamics of the GDP components. Variable selection and the estimation of the forecasts is performed by using the LASSO method, together with some of its popular modifications. Additionally, a modification of the LASSO is proposed, combining the methods of LASSO and principal components, in order to further improve the forecasting performance. Forecast accuracy of the models is evaluated by conducting pseudo-real-time forecasting exercises for four components of the GDP over the sample of [2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015], and compared with the benchmark ARMA models. The main results suggest that LASSO is able to outperform ARMA models when forecasting the GDP components and to identify leading explanatory variables. The proposed modification of the LASSO in some cases show further improvement in forecast accuracy.
Introduction
Information on the current state of the economy is crucial for various economic agents and policy makers, since the choice of the appropriate policy stance relies on the knowledge of the macroeconomic situation in the country. Although there's a number of indicators, covering many aspects of the economy available at a higher frequency, quarterly national accounts still play an important role guiding various economic decisions. Unfortunately, GDP and its components are officially released with a considerable delay after the reference period -for example, in the US the first estimates of GDP are released after 1 month after the reference period, where only the supply side of the economy is covered since only the GDP by production approach is estimated. However, if a certain economic institution is interested in the demand side of the economy, the publication of GDP by expenditure approach is released with an even longer delay, which can greatly complicate timely decision making.
On the other hand, various short-term indicators, such as business or consumer surveys, the industrial production, retail or external trade indexes are released at a monthly frequency and can be used to get an early picture of the evolution of the current economic activity in various sectors of the economy. One way of using the available information is by conducting a fundamental analysis, however, the information from the national accounts data still remains desirable for most decision makers. For this reason, a number of econometric tools have been developed in order to extract the main underlying signals from the available data and to estimate the national accounts data sooner than it is estimated by the agencies of national statistics.
Many different methods for extracting the most important signals are studied in the literature, the most popular of which are the Factor models and its various modifications, which are able to use all of the available information in order to extract a reliable signal. However, lately, a lot of attention have been focused on the idea that only a small subset of all of the available information might be enough for adequate timely estimation of the GDP or its components -that is, the assumption of sparse structures for the choice of explanatory covariates is made.
In this paper we further explore the sparse structure approach under a large amount of various monthly economic indicators available, assuming that only a small subset of them are significant and should be used in forecasting macroeconomic variables. Therefore, the main problem arising is of the optimal selection of useful variables for the modelling. Bai and Ng (2008) find that in some cases large amounts of high-frequency information can be too much, resulting in poor predictive performance, thus raising a question of how much information is really needed for good predictions? Recent empirical results (for example, Bulligan et al. (2015) ) show that assuming a sparse structure of the underlying data provide promising results, when the total set of available information is refined by supervised selection before the application.
Recently a rapid growth in popularity among both the practitioners and the academics is seen of the Least Absolute Shrinkage Selection Operator (LASSO) method, which employs the supervised variable selection for modelling, and shows great potential in the literature when used for both variable selection and the generation of forecasts of economic data. For this reason, in this paper we study the LASSO method and some of its attractive modifications in greater detail, namely, the Square-Root LASSO, the Adaptive LASSO and the Relaxed LASSO. Additionally, we propose a method, combining the Relaxed LASSO approach with the method of Principal Components seeking to extract the significant underlying information with greater accuracy, and we find evidence of further improvement of the forecasting performance. The empirical performance of the models is evaluated by conducting a pseudo-real-time short-run forecasting exercise of real, in chain-linked volumes sense, US GDP components by expenditure approach, namely the Gross Fixed Capital Formation, Private Final Consumption Expenditure, Imports and Exports of goods and services. During the exercise we estimate forecasts of 4 different forecast horizons: the backcast of a previous quarter, the nowcast of the coinciding quarter and 1-and 2-quarter forecasts over the sample of 2005-2015. The motivation for looking at the demand breakdown, but not the GDP itself, is twofold. First, there is evidence in the literature (Dreschel and Scheufele (2013) ), that forecasting GDP by the bottom-up approach can lead to a more accurate forecasts than when forecasting it directly. The main reason for it is that by modeling each of the disaggregate separately, we are able to address the different underlying structures of the subcomponents. For example, Gross Fixed Capital Formation and external trade variables are much more volatile than aggregate GDP, while Private Consumption is typically smoother than total activity (see Artis et al. (2004) ). Therefore, it is interesting to study how do different models compare in forecasting variables, that are behaving so differently over the business cycle. Second, it can be seen that the business cycle behaviour of the aggregate GDP is very different from that of its subcomponents. For example, investment tends to trough before GDP, while consumption only takes momentum when an expansion is well under way, peaking only after the cycle. Therefore, forming models for the subcomponents of GDP can not only improve the accuracy of the final aggregate GDP, but also act as a complement to the final forecasts, providing a view on the main drivers of the economic activity, which by itself may allow for a more accurate read on the cyclical phase for economic agents. Additionally, forming a different model for each of the subcomponents allows for an inclusion of different sets of predictors used, thus providing a richer story behind the specified equation.
The paper is organized as follows: in section 1 we present a detailed overview of the LASSO and some of its popular modifications found in the literature. In section 2 we describe our proposed modification of combining the LASSO with principal components, and further expand into section 3 discussing the possible alterations of the approach. For an empirical study, in the section 4 we briefly describe the design of the information set and the settings for all models used in the pseudo-real-time exercise, while in the section 5 we present the results of the pseudo-real-time exercise, where the backcast, nowcast and 1-and 2-quarter forecasts are estimated. The forecasting performance of the models is then compared with the performance of ARMA models.
1 Review of the LASSO methods
LASSO
Throughout the paper we assume that n is the number of observations of the modelled variable Y ∈ R 1×n ; p is the total number of explanatory variables X j ∈ R 1×n used, j = 1, . . . , p. We model Y = X β + ε, where β = (β 1 , . . . , β p ) , ε = (ε 1 , . . . , ε n ) is the error term, and X = (X 1 , . . . , X p ) ∈ R p×n is the model matrix. Additionally, we use the following notation for an q norm, q ≥ 1, throughout the paper: assume that v ∈ R d for some d ∈ N + , then ||v|| q := (
1/q denotes the q norm. The LASSO method (Tibshirani (1996) ) is one of the possible solutions when dealing with p > n problem, where the usual ordinary least squares (OLS) methods are infeasible due to the large amount of parameters needed to be estimated. It has attracted a lot of attention in the literature due to its convenient and widely studied by the academics strictly convex optimization problem, the solution path of which can be effectively estimated by using the LARS algorithm (Efron et al. (2004) ).
LASSO is a penalized least squares algorithm with the penalty of an 1 norm, which solves the following problem:β
where the hyperparameter λ ∈ (0, ∞) is fixed. With the value of λ growing, the estimated coefficients are shrunken towards zero, where with a sufficiently large value some of them are estimated as 0 due to the properties of the 1 norm. This feature, allowing to restrict the insignificant parameters of the model to zero, is very convenient, since together with the estimation of the coefficients a selection of the significant features is performed. In a sense, we can see the LASSO as a stepwise regression, since with a large enough value of λ, imposing a sufficiently strong penalty, no variable is included in the model as significant, however, by decreasing it by certain amounts we start to include the significant variables one by one to the modelled regression. That is, in relation to the hyperparameter λ, in a way this procedure can be interpreted as a stepwise regression, with an additional shrinkage of the estimated values of the model's parameters. Also, due to the aforementioned shrinkage of the estimated coefficients performed it is often possible to increase the accuracy of the forecasts, since the shrunken coefficients are able to reduce the variance of the forecasts, while increasing the bias (bias-variance trade-off).
A lot of attention in the literature is given particularly to the variable selection aspect of the LASSO. Zhao and Yu (2006) and Zou (2006) proposed an almost necessary and sufficient condition -the Irrepresentable Condition -which ensures asymptotically consistent variable selection of the LASSO. The authors have shown that under cases when a part of the insignificant variables are strongly correlated with the significant ones, the LASSO might not be able to consistently distinguish them apart, regardless of neither the chosen value of the hyperparameter λ nor the sample size n. Additionally, they prove that the consistency of the variable selection by the LASSO requires that the value of λ should grow at a faster rate than of √ n. However, Knight and Fu (2000) proved that the LASSO estimatorβ n is √ n-consistent only under given λ = λ n = O( √ n) and under certain conditions, defined in the cited paper. Therefore, we cannot fully expect both consistent variable selection and parameter estimation at the same time.
Let A := {j : β j = 0} and assume that |A| = p 0 < n, that is, the true data generating process is using a certain subset of our dataset, and assume thatβ(δ) is a parameter estimator of a certain procedure δ. Then, by the definition, formed by Fan and Li (2001) , the procedure δ is said to have Oracle Properties if for the estimatorβ(δ) the following holds (asymptotically):
• let A δ := {j :β j (δ) = 0}, then A δ = A; that is, the true subset of variables is selected as significant;
, where Σ is a covariance matrix of the true subset of significant variables, used by the data generating process.
It is often expressed by Fan and Li (2001) and other authors that every adequate procedure, along with certain other optimality conditions, should also have the Oracle Properties. In this case we can note that the LASSO does not have the Oracle Properties.
Adaptive LASSO
In the literature many variations and modifications of the LASSO can be found, all of which focused on overcoming various shortcomings of the method. One of the most popular is the Adaptive LASSO, allowing to define weights for each individual explanatory variable used in the model:
where we denote |β| := (|β 1 |, . . . , |β p |) and w = (w 1 , . . . , w p ) is a vector of fixed weights. Zou (2006) proves that when the weight vector w is data-driven and appropriately chosen, the Adaptive LASSO is able to achieve the Oracle Properties. In the literature often weights are suggested to be chosen aŝ
When p ≤ n, a natural choice can beβ :=β OLS , however, in the case of p > n, when the OLS estimate is infeasible or the data is strongly multicollinear, it is suggested to replace theβ OLS withβ ridge , where coefficients are estimated by the Ridge regression (defined by the (1) problem, with additionally replacing the 1 norm of the imposed penalty with the 2 norm). The authors emphasize that with the sample size increasing, the weights for the insignificant variables should become inflated (to infinity), while the weights of the significant variables should converge to some finite non-zero constant. This way, the method allows for an (asymptotically) unbiased simultaneous estimation of large coefficient and small threshold estimates.
The importance of the appropriate choice of the weight vector is also stressed in Huang et al. (2008) , since under high multicorrelation or large amount of noise variables the usage of Ridge or univariate OLS may result in overall weaker results than the original LASSO. Medeiros and Mendes (2015) claim that in the case of p > n it is sufficient that the weights are chosen by a zero-consistent estimator. That is, it is required that such estimator would generate sufficiently small coefficients for the insignificant variables, n → ∞, and that they would converge to a non-zero finite constants for the significant variables. And these requirements, according to the authors, under certain additional conditions, should be satisfied by the ordinary LASSO or the Elastic Net estimators, therefore they can also be used for the selection of optimal weights. In fact, following these requirements, Liu (2014) were able to successfully extend the weight estimation to adjust for auto-regressive processes, and Konzen and Ziegelmann (2016) were able to adjust for lagged effects.
Most importantly, Medeiros and Mendes (2015) shows that the Adaptive LASSO can be widely applied when dealing with time series data. The authors allow for both the residuals and the regressors to be non-Gaussian and conditionally heteroscedastic, which is often observed when dealing with financial and macroeconomic data. They also allow the number of variables (both the candidates to the final model and the final selected ones by the procedure) to grow together with the size of the sample at a polynomial rate. Under these conditions it is shown that the variable selection by the Adaptive LASSO is consistent and that the Oracle Properties hold. The geometric growth rate of the number of variables is permitted under certain restrictions imposed on the residuals of the model, however, in reality, when working with economic variables, such a fast growth rate of the number of variables available is almost never observed. Even if we have a fixed set of variables, by additionally including lags of all of these variables into our design matrix X, the resulting growth rate of the dimension of the full dataset is only linear with respect to the size of the sample, but not polynomial. This suggests some degree of freedom to additionally include non-linearities through, i.e., interactions between the variables or their power transformations. Also, promising results were generated in the simulation studies by the cited authors when studying the forecasting performance of models with heavy-tailed residuals with GARCH structure, by using strongly correlated regressors as the explanatory variables.
Additionally, Liu (2014) observes that the procedure of the Adaptive LASSO can be effectively performed by employing the LARS algorithm: letŴ := diag(ŵ 1 , . . . ,ŵ p ), then the optimization problem of the Adaptive LASSO (2) can be rewritten as:
, therefore all of these parameters can be effectively estimated by using the LARS algorithm just as the ordinary LASSO method.
Relaxed LASSO
Another popular modification of the LASSO, dealing with some of its shortcomings, is the Relaxed LASSO (Meinshausen (2007) ), the main idea of which is to separate the selection of the significant variables and the estimation of the model's coefficients by introducing an additional hyperparameter φ. Let M λ := {1 ≤ j ≤ p :β λ j = 0} denote the set of variables, preselected by the LASSO method under a certain fixed value of λ. Then the Relaxed LASSO is estimated as:
where λ ∈ [0, ∞) and φ ∈ (0, 1], with 1 M λ being the indicator function, returning the value of 1 for those variables, that were selected by the LASSO as significant under a fixed λ. That is, for a fixed λ, the following holds for the set of significant variables M λ ⊂ {1, . . . , p}:
for every k ∈ {1, . . . , p}. In this way the selection of significant variables is performed by using the ordinary LASSO and estimating only the hyperparameter λ, while the appropriate estimation of the model's parameters and the amount of shrinkage applied is refined by using a second hyperparameter φ. When φ = 1, the estimator coincides with the case of the ordinary LASSO, that is, no correction of the estimated coefficients is performed. The authors prove that due to such separation of the variable selection, the consistent estimates of the model's coefficients are estimated with the usual √ n rate of convergence, independently from the growth rate of the available information set.
Squared-Root LASSO
Another recent modification of the LASSO is the Squared-Root LASSO (Belloni et al. (2011) ). The authors propose modifying the original formulation of the LASSO problem (1) by taking the square-root of the residual sum of squares term, as defined by the equation (6):
The attractiveness of the method follows Bickel et al. (2009) , who shows that for the Square-Root LASSO the optimal penalty level reduces to λ = 2 log(p)/n, which makes it having no user-specified parameters and therefore tuning free.
Principal Components and LASSO
In this paper we propose a combination of the aforementioned LASSO modifications together with principal components in order to preserve specific strengths and to minimize the possible shortcomings for each of the methods combined.
First, we follow the arguments of Bai and Ng (2008) , who show that the use of targeted predictors help achieving significantly better forecasts of macroeconomic data using factor models. Instead of the usual approach to factor model forecasting, where the principal components are extracted from the full data set, the authors suggest using only a subset of it, selected by a chosen hard/soft thresholding algorithm. In this way, an unsupervised algorithm becomes supervised one, because the choice of the targeted predictors now depends on the predicted variable. Therefore, following these arguments we propose employing the LASSO for subset selection (here we consider both the LASSO and the Adaptive LASSO, since the latter is expected to deliver more accurately selected variables due to its asymptotic properties under p > n even under many highly correlated variables). From here on, let's assume that X λ ∈ R q×n is a pre-selected matrix of significant variables under a certain fixed λ, where 0 < q ≤ n, and is scaled and centered.
Second, since we are interested in modelling specifically macroeconomic data, it is likely, that significant correlation will be observed, with some of the variables possibly even being nested. Therefore, our proposed modification stems from the initial variable selection step of the Relaxed LASSO: here, however, instead of a direct parameter re-estimation of the selected variables, as would be done on the second step of the Relaxed LASSO, we suggest rotating the data using the principal components methodology. In other words, we propose extracting the main latent factors F = L X λ , where L ∈ R q×q is a rotation matrix and F ∈ R q×n is a principal component matrix. The main idea here is to extract the main underlying information from the data as (orthogonal) latent factors and to model them instead. Due to probable inter-correlation and the (supervised) preselection done in the first step (we assume that the selected variables should be able to describe the macroeconomic process that we are interested in modelling) -it is likely that such data captures some common signals, driving the particular market or the economic sector in question. If we assume those signals being the main reason for macroeconomic growth, it is a good idea to model them instead of the data directly.
As for the parameter estimation, we expand on the idea, defined by equation (3), and estimate:
since LL = I holds by the definition of principal components,β = L β; all of which can be efficiently estimated using the LARS algorithm. It can be noted that LL = I holds for anyq ≤ q, so it is feasible to remove the redundant components (which explain very little of the total variance of the data and have very small loading coefficients) if there are any. Our proposed approach differs from the one suggested by Bai and Ng (2008) , firstly, because the number of significant factors are selected not by the usual selection, based on various information criterias (such as Akaike, Schwarz, t-statistics from OLS and similar), but by using the soft-thresholding LASSO approach. That is, both the selection of significant factors and the shrinkage of estimated parameters is done simultaneously in order to optimize the forecasting accuracy. The latter point is important, since we are interested in extracting predictive signals.
The obvious strength of such approach is when dealt with a large amount of data (i.e. from a particular market), driven by one or only a few leading factors. In that case the principal component transformation would allow us to extract those latent factors and estimate only the predictive ones using the LASSO. The final coefficient vectorβ * := Lβ would be comprised of the same non-zero variables just as it would be in the classic (Relaxed or Adaptive) LASSO case, however, the estimated coefficient values would be set according to the significance and predictive performance in the latent space, rather than the direct one. In a way, such transformation would act as a filter, distinguishing the important underlying signals from the data and possibly allowing for a more accurate forecasting performance.
Secondly, in contrast to Bai and Ng (2008) and other similar factor forecasting related literature, we propose to base the final forecasts on the predictions of individual variables X λ j , j = 1, . . . , q, rather than on the predicted significant factors F j . That is, if we denote
as the data at a time moment t ∈ {1, . . . , n}, then for every h > 0, the forecastsF *
where L is known andX λ j,n+h , for every j = 1, . . . , q, are predicted using time series ARIMA methodology. Such aggregation might induce a smaller loss in forecast accuracy of factors F when we fail to accurately define a direct model. First, if the extracted factors are formed with weights of a similar size, such forecast aggregation is similar to bagging (bootstrap aggregating, (Breiman (1996) )). Second, it is possible, that the data generating process of F j might be from some family of complex, long memory processes, therefore the aggregation of forecasts of simpler models of its components introduces some degree of freedom to make inaccurate estimations of components true models while still generating more accurate final predictions. Indeed, Granger (1980) has shown that the aggregation of a low-order AR/ARMA processes in certain cases may produce a process with more complex dynamics. Extending these ideas to aggregation of the forecasted series may recover such complex dynamics in the final forecasts of the original factors.
Additionally, it is worth noting that when the variables X j are orthogonal, due to the properties of Principal Components, the transformation would reduce to the base LASSO performance-wise, since the total amount of information would remain unchanged.
Tailoring the rotation of Principal Components
Having introduced the base idea of the transformation, it is possible to extend the method by adding a certain degree of supervision to the classic Principal Components approach. The classic transformation is convenient in such way, that the rotation matrix can be easily tailored against the specific modelled variable by modifying the scales or the angles of the components.
Scale modification, based on some criteria, might help the LASSO distinguishing the most important signals, since the components with larger scale will enter the solution path earlier than the other, smaller components. This idea is discussed by Stakėnas (2012) , who observes significant improvement when using Weighted PCA or Generalized PCA for the extraction of factors when nowcasting Lithuanian GDP.
Alternatively, in this section we discuss the idea of angle modification by sparsifying the rotation matrix, i.e., through Sparse PCA ). The idea here is that we may achieve a more accurate factor representation by losing the orthogonality of the transformation. The main motivation is that, even though the data matrix X is preselected by the LASSO as a matrix, containing mainly significant variables, it is not clear that by rotating the variables to the latent space, all of them will be significant there. In other words, if there are two strongly multicollinear variables, preselected by LASSO as significant, both having roughly the same estimated weights (possibly with different signs) in the loading matrix, it is possible that losing one of the two dimensions might not change the resulting factor estimate.
Further, some of the variables (for convenience in the following text denoted as Z, where Z ⊂ {X j : j = 1, . . . , q}) used might be orthogonal to all other preselected variables, meaning that the principal component solution does not extract the correct factor of it from the latent space. That is, in the latent space, ideally, they would form a direction, where the coordinate vector would have zeros for all other variables. However, in usual principal components that is mostly not the case, since every extracted factor is a linear combination of all of the variables used, even if the weights are close to zero, it's unlikely for them to be exactly zero. For discussion purposes let's assume that the model matrix X λ is reordered such, that the block of variables Z ∈ R q0×n , q 0 < q, is able to capture significant explanatory signals to our modelling problem, orthogonal to the remaining blockX, the LASSO will try to extract as much information as possible from those variables. Since the extracted factor matrix has the following structure:
the j−th factor component will have the following structure:
Therefore LASSO, while trying to reconstruct the signal from Z, will include too many factors f j to the final solution, since each one of them will include some information from Z. Some of those factors would not be included if part of the rotation matrix would have zeros (the Φ block in this example). Let's assume that G ⊂ {1, . . . , q} is a set of indices denoting factors f j , which have been selected as significant by the LASSO in the final solution only because non-zero loading weights in Φ j . Then, it is clear, that with every additional f r , r ∈ G, included we will add some noise in the scale of Φ rX to the data. And the more such factors are selected, the closer the PCA-LASSO solution is to the usual Relaxed LASSO solution.
From this discussion we can see the benefit of adding an additional step to the PCA-LASSO procedure. One way is to modify the loading matrix L to introduce some sparseness to it (for example, by using Sparse PCA (SPCA), Zou et al. (2006) ). An alternative way could be including the preselected data matrix X λ together with the extracted factors F and model them together asF = (F , X ) using the LASSO. While it may seem that in this way no new information is added, it potentially gives the LASSO additional degrees of freedom to select the necessary combination of variables, in essence recovering the best fitting loading matrix. Thus, the Sparse PCA, base LASSO or the PCA-LASSO would potentially become specific cases, depending on the estimated values ofF j coefficients.
Preliminaries: data preparation
In this paper the four main components of the US GDP by the expenditure approach are considered: Gross Fixed Capital Formation, Private Final Consumption Expenditure, Imports and Exports of goods and services, all of which are quarterly and seasonally adjusted by the source.
The 1980 to 2015, with up to 2000 various macroeconomic time series used in total. Each time series used in the modelling were either seasonally adjusted by the source or by using the X13-ARIMA-SEATS procedure for seasonal adjustment. Additionally, in order to avoid the problem of spurious regression, every time series were stationarized and appropriately adjusted for normality and against outliers. Since we are dealing with a large number of variables and are relying on automatic algorithms for variable selection without defining any prior expectations, strict rules and conservative approach for data cleaning are extremely important to rule out as much as possible noise (see appendix A for specific heuristics and tests applied).
As we want to compare the forecasting performances of different models in a realistic setting, during the pseudo-real-time experiments, the results of which are presented in the chapter 5, we reconstructed the pseudo-real-time dataset for every iteration of the exercise by adjusting the amount of available data by the appropriate release lag for each monthly indicator (see Table 1 for detailed illustration). During a full quarter at least three major updates on the dataset are possible for every different month of the quarter, however, in this paper the results presented are of the last month of the full quarter. Since we are also interested in nowcasting performance, analyzing results of 3rd month helps separating it from forecasting due to available indicators with low publication lag. In the other case we would just be comparing the predictive performance of the ARIMA models, used for the individual predictions of the selected monthly indicators, which is already inspected using 1-and 2-quarter forecasts.
The monthly variables used in the main dataset were aggregated to quarterly by averaging, with additionally up to four quarterly lags included, and the ragged edges of the dataset have been filled by using the ARIMA time series methods.
Pseudo-real-time forecasting experiments
In this chapter the results of pseudo-real-time forecasting exercise over 2005Q1 -2014Q4 are presented. As described in section 4, we produce 4 forecasted values for each quarter: one backcast, one nowcast and two forecasts of 1-and 2-quarters ahead, accordingly. We model 4 components of the GDP by expenditure approach: Gross Fixed Capital Formation (GFCF), Private Final Consumption Expenditure (PFCE), Imports and Exports of goods and services. Overall these selected components reflect the main drivers of the economy: the domestic demand largely consists of private consumption and the investments, while the foreign supply is indicated by the international trade, which reflects the economic relations with the foreign sector and the openness of the economy. International competitiveness is also important, since it drives the search for new innovative and advanced solutions.
Out of these 4 variables the hardest to accurately predict is the GFCF, since it is composed of investments in many different industries. The investment spending is necessarily forward looking and hopeful, therefore it expands rapidly during an economic boom, when investors expect that the future will require the great productive capacity, and falls rapidly when such expectations evaporate. Therefore it is the most volatile of the four. Additionally, for private consumption, imports and exports, there are good leading monthly indicators available, allowing for an easier nowcast. On the other hand, no such variables are available for the GFCF, at least to the knowledge of the authors of this paper, making generation of good nowcasts a more challenging task. Therefore our main focus in this chapter is forecasting the GFCF. The results of forecasting the 3 remaining variables are then briefly reviewed.
Setting of the exercise
For every modelled component of the GDP we consider the following models and their respective notations: the Square-Root LASSO (in the tables denoted as: Sqrt), Relaxed LASSO (Relaxed), Adaptive LASSO (Adaptive), classic LASSO (LASSO) and a proposed combination of LASSO with the principal components of the data, preselected by the Adaptive LASSO (AdaPCA) or by the classic LASSO (PCA), as described in section 2.
Further, since it is interesting to inspect the gains brought solely by performing the rotation of the data to its principal components, in some particular cases we analyse the alternative cases for the AdaPCA models, where the preselected variables are fixed, but the rotation to the principal components is not performed. In a way it becomes a mix between Relaxed LASSO and Adaptive LASSO, hence denoted as AdaRL in the tables.
As discussed in the section 3, it is of interest to inspect the effects of added sparseness to the loading matrix of the principal components for the AdaPCA models. However, in none of the cases any significant gains were found when using specifically the SPCA method instead of the classic PCA, therefore the results are omitted from the tables. On the other hand, in some cases there were significant gains in forecasting accuracy when using both the rotated and original data. In a way we can understand it as a cross between the AdaPCA and AdaRL methods, hence the notation AdaPCAX in the tables.
Each of the model is estimated using the cross-validated hyperparameters unless specified differently, where each is chosen so as to maximize the out-of-sample accuracy, where the weights for Adaptive LASSO are chosen using Ridge estimates with γ = 1 (see equation (2)).
As a benchmark for these models we use ARMA(p, q) models (ARMA), where the orders (p, q) are selected to minimize the Akaike information criterion during each quarter of the exercise.
Additionally, in some cases we present the results of models, where instead of the cross-validated out-of-sample hyperparameters we use such, that provide a more parsimonious result. In those cases the results are presented with an additional number next to their abbreviation (i.e. LASSO5, indicating that the model is consistently selecting 5 significant variables during the exercise). It is worth inspecting such results, since the optimally selected hyperparameter can result in a model of a too dense structure -in this case the LASSO wins a small amount of validation accuracy, but brings an additional forecast uncertainty with each of the additional variable included. On the other hand, the inclusion of more than the optimal number of variables as in the discussion may in some cases be a safer bet: if some of the individual ARMA predictions are generated very inaccurately, the larger number of other variables could act in a correcting way, while with a smaller amount of variables only the shrinkage effect of the LASSO would reduce the resulting negative effects. Therefore, it is of interest to inspect alternatives under different choices of λ.
It is important to note that during the forecasting exercise, for each of the model in question, both the number and type of variables used were reselected during every quarter when new data vintages has become available. Instead of tailoring the set of possible variables to match the predicted variable, we allow models themselves to select the significant parts -it is likely that some indicators that drove the growth of certain markets in the past are not that significant at a later time, hence they can be replaced in a timely matter with new indicator (i.e. a new market emerges). For this reason two different approaches to the forecasting exercise were taken: first, we employ an expanding forecasting window exercise with the sample data starting from 1982Q1 to 2004Q4, and the window is expanded by adding one additional quarter during every iteration. The size of the window was chosen to be not too large, so that there would be an appropriate amount of available historical monthly indicators, but large enough for the models to be able to select a large amount of significant variables if needed. However, under such approach it is likely that some of the variables are selected in order to capture the historical dynamics of the modelled series rather than of the more present ones. Second, in order to avoid the possible downsides of an expanding window, a rolling window approach was also employed by using a 12-year sample window, starting from a window of 1993Q1 to 2004Q4, and rolling it by adding an additional quarter to both the start and the end of the window during every iteration. The size of the rolling window was chosen such that it would capture at least one full business cycle.
To indicate how well did the models forecast, we present the ratio of the RMSE of the LASSO models to the ARMA models, in addition to RMSE and pairwise Diebold-Mariano (DM, Diebold (2015) ) tests on the forecast errors for the expanding window exercise, and pairwise Giacomini and White (2006) (GW) tests for the rolling window exercise.
Expanding window: Gross Fixed Capital Formation

Main findings
In this section we present the results of forecasting GFCF during the period of 2005Q1-2014Q4. The results of RMSE of the forecasted values are presented in the table 2 for all of the models and for all 4 forecast horizons. Additionally, the total results were divided into three periods (2005-2008, 2008-2011, 2011-2015) Dividing up the total results is also useful in inspecting whether there are models, dominating every other competitor in the "horse race". Also, in the table 3 are presented the results of Relative RMSE, when in comparison with the performance of the benchmark ARMA models. 
The results reveal that when forecasting the GFCF most of the models provide a rather similar forecasting performance, with the ordinary LASSO and ARMA models having the worst accuracy overall. When comparing the results with the benchmark, in almost every case all of the models are able to predict with better accuracy than the benchmark ARMA model, with one exception of a 2-quarter forecast over the period of 2011-2015, where the ARMA models are able to outperform every other model by a small margin. Such a result is consistent with the literature: for example, D'Agostino and Giannone (2006) highlights the fact that during relatively steady growths (the authors analysed the Great Moderation period in particular, where a sizeable decline in volatility of output and price measures was observed) even sophisticated models can fail to outperform simple AR models. Therefore, analysis of the recession period of 2008-2011 is the most interesting one, since then we are comparing the performance of models during a unique event with no historical precedent.
Overall these results further emphasise the value of additional monthly data included in the modelling, especially during the more volatile periods of 2005-2011. Additionally, it is evident that both the Adaptive LASSO and the Relaxed LASSO are able to increase the predictive performance of the regular LASSO just as expected. Moreover, the results show that the usage of PCA in the estimation can additionally improve the predictive performance of the models: in all of the forecast horizons either the PCA or AdaPCA method generates the most accurate overall forecasts, while during the different (spliced) time periods the worst results are not worse than ones of the Adaptive LASSO.
In Table 4 the p-values of the DM test are reported, indicating the estimated significance of the models predictive abilities when compared with each other over the full testing period. Firstly, it can be noted that all of the LASSO models are able to outperform the ARMA benchmark with p-values lower than 0.1 when testing the nowcasts and 1-quarter forecasts. When comparing the pairwise results between the models, in most cases the significance is much weaker, however, with 15% significance the PCA model generates more accurate nowcasts than the LASSO. Since the PCA uses the same variables as the LASSO for every quarter of the exercise, these results suggest that the proposed transformation can increase the predictive accuracy. 
PCA-LASSO: gains from transformation
In order to directly inspect the gains of using the principal component transformation on the (relaxed) data, a few more comparisons were made. First, in the table 5 are presented the results of forecasting GFCF when the number of preselected variables were fixed to 15, 20, and 30. Note that the results in tables 2 and 3 are generated by models with cross-validated hyperparameters, therefore the estimated number of significant variables may differ greatly during different time periods and between different models. In this case, in order to inspect the performance of the models in greater detail, we found that restricting the hyperparameter selection problem to select only a fixed amount of (the same) variables is useful. Therefore, in the table 5 we examine the results of two models: AdaPCA, where the preselected variables are transformed into principal components, and AdaRL, where no transformation is made, only the coefficients are re-estimated in the style of Relaxed LASSO. Not only is the number of variables used the same, but also all of the variables selected are the same. The results provide evidence that AdaPCA in some cases can improve the forecasting accuracy when compared with ordinary methods. Additionally, by comparing the predictive accuracy of the models with the Diebold-Mariano test we found that with 5% significance the AdaPCA30 model generated significantly better 1-quarter forecasts than the AdaRL30 model 1 . Overall the improvement can be visible even on a relatively sparse number of variables selected, but the results suggest that the gains from using the PCA transformation are larger when more variables are included in the estimation. This result is natural, since with larger samples we're likely to include more intercorrelated variables, thus allowing for a clearer extraction of the common factors.
Moreover, the results from Table 10 suggest that additional forecasting accuracy can be gained when using a cross between the two methods (see AdaPCAX), where both the principal components and the original preselected data are included in the model. Since the performance is better than of AdaPCA or AdaRL, this provides evidence that tailoring the loading matrix can further reduce the noise from the data, as discussed in section 3. The latter results are also consistent over different number of variables selected.
Secondly, in the previously presented results in total two hyperparameters were used: first one for the selection of variables used in modelling, and second one for the second step selection and for the amount of shrinkage applied. However, it may also be useful to examine the differences between the forecasting accuracy under a number of different hyperparameter values. For this we chose a set of indicators, preselected as optimal by the LASSO, and ran the pseudo-real-time forecasting exercise over the period of 2011Q1-2014Q4 for two cases: first, where the rotation to the principal components is used and second, where no transformation is applied, here the latter in a way corresponds to the Relaxed LASSO. Additionally, for completeness, the case of the Adaptive LASSO was included as well. The results are presented in the Figure 5 . Note that the Adaptive LASSO uses a different set of variables for the prediction, therefore an additional number is added in the graph to enumerate the sets of variables used (also, note the different corresponding scales of log(λ)). The results show a slight increase in both the average forecast accuracy (mean RMSE) and a smaller standard deviation for many different values of the hyperparameter λ used. These results provide further evidence that the use of principal components transformation in some cases can provide additional gains in forecast accuracy.
Sparse structure: uncovering leading indicators
For the macroeconomist it can be of great value to inspect the leading indicators for the GFCF, therefore in the Figure 1 we present the top indicators 2 , often selected by the Adaptive LASSO during the pseudoreal-time experiments. We can see that there are several variables selected consistently during every period, therefore they can be understood as the key variables for explaining the investment in the US. Additionally, it's interesting to note that some of the variables seem to form certain clusters, where one part is included only before the crisis, while the other part becoming significant after the crisis, indicating a possible structural break in the data.
Among the most frequently selected are the number of employees in the Construction services, which, together with the number of building permits (both not started and under construction) and building completions, in addition to the Consumer Price Index in the housing sector and industrial production for construction supplies, can form a rather detailed view of the situation in the market of the housing sector. As we know, the investment in construction takes up a large part of the total GFCF. Additionally, explaining the remaining investments in the country, a San Francisco Tech Pulse indicator is consistently selected, capturing the tendencies in the IT sector, which is understandable, since investing to efficient, state-of-the-art technology and R&D can significantly enhance the performance of various industries. Also, Coincident Economic Activity (CEA) Index is often selected. Noteworthy, that instead of the global index for the whole US some particular regions are consistently selected, i.e. Arizona, Virginia, Arkansas, Minnesota and other. Firstly, they are likely to be correlated when selected together, hence the use of principal components to extract the underlying common factor, driving the economic activity in those regions, seem useful for a more efficient estimation. Secondly, it may be insightful to examine why are the particular regions selected instead of the total index for the US: i.e., according to OECD 3 , Minnesota and Virginia seem to be among the top states when measured by the quality of housing (numbers of rooms per person, housing expenditures and etc.) and income per capita, while Arizona and Arkansas appear to be on the lower end of the scale, which suggest that the inclusion of these variables to the model in a way acted as a re-weighting of the total CEA for the US, where the "new" weights were re-estimated by the model and the selected regions acted as proxies for both the richer and poorer regions. 
Forecast aggregation
In order to evaluate the ideas of forecast aggregation, briefly discussed in section 2, under real data, the following additional experiment was made. In this exercise 20 significant variables were preselected by the Adaptive LASSO during every quarter of the pseudo-real-time exercise, however, instead of a second step estimation the following post-LASSO model was considered: using the first five principal components (when ordered by their variance explained) 4 an OLS regression was made, treating the extracted factors as observable data. However, as discussed in section 2, two ways of forecasting those factors present themselves: first, by fitting an appropriate ARMA model for each of the component and forecasting them directly (DirectPCA); and second, by forecasting the preselected variables and aggregating their forecasts (AggregatedPCA). The resulting performance of both of these two methods are presented in Table 6 , and a few conclusions arise.
First, we can see that the nowcasting performance is rather similar, with the aggregated method being able to explain the crisis period with greater accuracy than the direct method. However, such similar results can be expected, since some monthly information is already known during the nowcasted quarter, and since the factors compared are the same, such comparison essentially depends from the method used to fill the ragged edges 5 . Second, the forecasting performance for most of the periods is significantly (as suggested by the DM test for both 1-quarter and 2-quarter forecasts with 5% significance) improved when using the aggregated forecast method, with the biggest differences visible during the period of 2008-2011. It is likely that such a decrease in accuracy by forecasting directly can be caused by underestimating the complexity of the extracted factors -even if in this exercise the amount of sample data is relatively large, it may not be large enough to efficiently estimate large numbers of ARMA parameters, and while the same holds for forecasting the preselected variables, the aggregation of their forecasts appears to significantly improve the results. The benefits of such aggregation, as discussed in section 2, seem to be twofold: firstly, by forecast aggregation we create a more complex dynamics of the final forecasts than by forecasting directly, and secondly, the applied aggregation can act in a self-correcting way, by smoothing out the possible cases of highly "shooting" individual forecasts (if such cases occur while forecasting directly -the final forecast can be highly inaccurate, while with aggregation the negative effect can be significantly diminished).
A few additional observations can be made from these results: first, because of the complexity of modelling each individual component, the aggregation is feasible for only a small subset of variables used, therefore it cannot be applied for large and dense problems. However, the complexity of the problem with preselected (targeted) predictors essentially boils down to the complexity of the Relaxed LASSO method. Second, it can be seen when comparing the results from Table 5 with Table 6 , that since the 20 variables preselected are the same in both cases, the post-LASSO solution with using only the first few extracted principal components can even lead to more accurate overall results than applying the LASSO shrinkage.
Rolling window: Gross Fixed Capital Formation
In this section we repeat the exercise by switching to a 12-year rolling window instead of the expanding window as in the section 5.2. The size of the window has been chosen in order to account for the likely occurrence of structural breaks: since the business cycle tends to last around 5-7 years, we expect to cover 1-2 cycles. The main motivation for such a comparison is to inspect whether there are "expired" variables, i.e., those, that are consistently selected by the LASSO as significant only because they help explaining the older historical data, but are less useful when forecasting during the later times, therefore producing inaccuracies in the forecasts.
Main findings
The main results are presented in Tables 7 and 8 . As in the previous case with the expanding forecast window we can see that all of the models in comparison are able to outperform the ARMA benchmark, with the LASSO and Square-Root LASSO overall producing the least accurate forecasts. Additionally, the results show that in most cases the AdaPCA forecasts are not worse than the ones from the Adaptive LASSO, with the largest improvement in the RMSE visible when inspecting the nowcasts over the crisis period of 2008-2011. Moreover, the AdaPCAX method, combining both the original preselected data and its rotation to the principal components, show some additional gains in forecasting accuracy when compared to the AdaPCA: it produces more accurate nowcasts for every spliced period during the exercise, and slightly better 1-quarter and 2-quarter forecasts, only with worse results for 1-quarter forecasts during the 2008-2011. While the gains are not large, these results suggest that mixing the variables with their principal components can further increase the forecasting performance, and overall the AdaPCAX showed the highest forecast accuracy.
Additionally, all of the aforementioned results, using the dataset preselected by the Adaptive LASSO, are more accurate than the ones, where the ordinary LASSO did the preselection (i.e. PCA, Relaxed), providing evidence that in some cases the Adaptive LASSO is able to select better predictors than the LASSO. This result is very important, since the selection of good predictors can be crucial in nowcasting exercises.
Sparse structure: uncovering leading indicators
In the Figure 2 is presented the list of top variables, preselected by the Adaptive LASSO during the forecasting exercise. It can be seen that, similarly to the results from the expanding window exercise, most of the consistently selected indicators are explaining the construction and housing sectors in the US: the employment rate in the construction sector, together with numbers on building permissions and building completions, complemented by the Consumer Price Index in the housing sector provide a rather detailed view on the situation in the housing market. Additionally, just as in the case of the expanding window, the Coincident Economic Activity (CEA) for Virginia (and other states, such as Arizona, Arkansas and Minnesota, which were selected less often than for the Virginia, therefore not included in the figure among the top predictors) is also often found significant. Among other variables we find that the employment data from various states (Michigan, Arizona, Kentucky, Vermont, Florida and other) are often chosen when explaining the dynamics of GFCF. Also, it can be noted that the LIBOR interest rates are always included, reminding of the importance of the health of the global financial sector when explaining the investments: LIBOR is often served as a benchmark reference rate for various debt instruments (i.e. mortgages), often used by the investors.
However, we can note that the San Francisco Tech Pulse, indicating the health of the IT sector, is no longer included so often to the models, suggesting that it was likely more significant when explaining the historical data. With the rapid growth of the information technologies' market during the 1995-2001 (note the dot-com bubble in the stock markets during that time), affecting the performance of various industries through rapid technological advancement, it is likely that much of the investment was aimed to the IT infrastructure. Additionally, the interest rates during that period were relatively low and many investors during that period were less risk averse than usual, likely causing a growth of investments in various sectors, correlating with the rapid growth of the IT sector. 
Private Final Consumption Expenditure
When compared with the investments, the behaviour of private consumption is quite different. First, it tends to show a much more stable and less volatile growth than the investments. Second, it does not immediately react to the various stages of the business cycle -it tends to take the momentum only when the expansion of the current cycle is well under way, with reaching the peak after the cycle. Therefore, it is easier to reflect various shocks in the economy when generating nowcasts for private consumption, since in certain markets some of the shocks could be felt at an earlier time. Additionally, for nowcasting, it is especially convenient that there are hard monthly indicators available, which are released with a relatively small publication lag. Furthermore, the latter result highlights the importance of accurate individual forecasting of such monthly indicators. It is very likely, that 1-and 2-quarter forecasts of private consumption would be greatly improved if the forecasts of mentioned hard monthly indicators would be generated by employing more sophisticated models, capable of including more explanatory information than ARIMA models. The results of forecasting the PFCE are presented in Table 11 over a rolling 12-year window. The most accurate nowcasts overall are produced by the Relaxed LASSO models, with very similar performance to the proposed PCA modification. Additionally, the most accurate 1-and 2-quarter forecasts are generated by the AdaPCA method.
By examining the results from the GW test, presented in Table 12 , we can see that with 10% significance all of the LASSO modifications are able to generate significantly more accurate nowcasts than the ARMA models, with the greatest significance being suggested for the Adaptive PCA method.
In Figure 3 the top monthly variables are presented, most often preselected by the Adaptive LASSO as significant. When inspecting the results we find that the most often selected are the monthly indicators of real personal consumption expenditure (the index of total expenditure, together with the expenditures excluding food and energy; and expenditure on services) as was expected, since these are hard indicators and often used by statistical agencies as the primary sources for their own preliminary nowcasts. This result provides further evidence that LASSO is able to identify the main leading indicators from a large set of available information.
International Trade
Similarly to investments, the imports and exports of goods and services are much more volatile than the aggregate GDP. The cyclical properties of international trade are quite interesting, since they are determined by the balance of two forces: the desire of economic agents to smooth consumption using international markets and the additional cyclical variability from the investments, that are permitted by the international capital flows. It can also be noted that there usually exists a strong co-movement between imports and exports. Even though one would expect that certain shocks may have an opposite effect on real exports and imports 6 , it is likely that certain demand shocks might be transmitted across different countries and affected by global cycles, for example, an increase in imports due to the rise of domestic demand should result in a raise in foreign exports and foreign income, which in turn should raise the domestic exports. As in the case with private consumption, the nowcasting of these variables is simplified by the fact that there exists hard monthly indicators of external trade, published with a small delay.
The results of forecasting Exports and Imports are presented in Table 11 over a rolling 12-year window. First, it can be noted that all of the methods are able to outperform the ARMA models during nowcasting, with the AdaPCA method providing overall the most accurate nowcasts. Additionally, it may be interesting to see that both the PCA and AdaPCA are able to outperform every other model when nowcasting the crisis period of 2008-2011 by a large margin. Second, when comparing the forecast accuracy between the PCA and the Relaxed LASSO, in most cases we can see the PCA method providing both more accurate nowcasts and 1-and 2-quarter forecasts, further suggesting that the rotation to the principal components can in some cases provide additional forecasting accuracy, as was seen in the previous sections, since the variables preselected in the first step were the same during every period of the exercise for both methods.
Overall, the AdaPCA method generated the most accurate nowcasts and 2-quarter forecasts, while the 1-quarter forecasts were rather similar between most of the methods.
The results from the GW test, presented in Table 13 , suggest that with 11% significance the SquareRoot LASSO, LASSO and PCA are able to generate more accurate forecasts than the benchmark ARMA model. Similar results can be seen for Imports data. First, it can be noted that the PCA method was able to generate both the most accurate overall nowcasts and the most accurate nowcasts during the financial crisis period of 2008-2011, with the AdaPCA being the second best. Additionally, the PCA method performed better than the Relaxed LASSO during the nowcasting. On the other hand, when comparing the 1-quarter and 2-quarter forecasts all of the methods performed similarly well, with the Square-Root LASSO being able to provide the most accurate 1-quarter forecasts.
The results from the GW test, presented in Table 14 , suggest that with 10% significance all of the LASSO modifications are able to produce significantly better nowcasts than the benchmark ARMA models, with the highest significance found for the AdaPCA method, and with p-value of 0.1 the AdaPCA is suggested to be able to generate significantly better 1-quarter forecasts. Also, it can be noted that with 15% significance all of the models, excluding ordinary LASSO, are able to outperform the ARMA benchmark in 1-quarter forecasts.
Conclusions
Short-term forecasting of quarterly components of the GDP rely on the availability of timely monthly information. In this paper we studied the forecasting performance of the LASSO and its popular modifications, together with our proposed modification of combining LASSO with the method of principal components. This approach assumes a sparse structure of the available information set required for adequate modelling, therefore is able to distinguish and estimate the main important explanatory variables for the problem. The forecasting performance was studied by conducting a pseudo-real-time forecasting exercise, from which three main results emerge: First, all of the LASSO methods show good forecasting performance, outperforming the benchmark ARMA models. The advantages of including additional explanatory monthly information are substantial during the crisis period of 2008-2011, where both the nowcasts and 1-and 2-quarter forecasts in most cases provide more accurate results than the benchmark model. Furthermore, in most cases the number of variables selected by the methods was not large, suggesting that the sparseness assumption for the data generating process holds.
Second, in most cases the modifications of LASSO, discussed in this paper, are able to improve the forecasting accuracy of the LASSO, suggesting not only theoretical, but also practical usefulness of looking into the modifications of the classic LASSO method.
Third, while the LASSO is capable of generating adequate forecasts for different macroeconomic data, our suggested modification by combining the methodologies of LASSO and the principal components show additional gains in forecast accuracy, suggesting that there still is room for further improvement. Namely, we found evidence that in some cases the proposed combination was able to generate more accurate forecasts than the Adaptive LASSO or the Relaxed LASSO, which already are substantial modifications of the original LASSO. Therefore, further gains can be expected with additional work on these methods. On the other hand, the discussed methods never find non-linearities if they are not included into the initial information set. More time consuming, yet interesting extension would be to go for second/third order interaction terms between the variables or their power transforms, which might result in further improvement of forecasting performance.
As we have seen from the results of the forecasting exercise, the usage of weights by the Adaptive LASSO in some cases has successfully improved forecast accuracy when compared with LASSO, however, the weights chosen in this paper were rather conventional, most often suggested in the literature. While the currently chosen weights overall generated good results, it is likely that they can be further improved by searching for other, more suitable weights (or an algorithm for their estimation) to optimally deal with the high-dimensionality problem.
Moreover, in this paper, when combining the method of principal components with the LASSO, only the standard estimation procedure of the components was discussed. However, the method can be further extended by tailoring the angles or scale of the rotation matrix for additional predictive gains.
were transformed by differencing, after which the aforementioned procedure was repeated until the final series was found as significantly stationary 7 . Additionally, since most of the variables used were mainly economic indicators, which are usually described by multiplicative processes, it is useful to apply logarithmic transformation for some of them. For such series often a large deviation is observed in the top levels of the amplitude, which often results in severe non-normality of the data. However, by applying the logarithmic transformation the underlying multiplicative processes are transformed into additive, thus removing most of the explosive effects and to some level restricting its variance. Whether such a transformation is actually useful was decided by using the Box Cox transformation (Box and Cox (1964) ). A logarithmic transformation was applied if for a particular series if the Box Cox procedure suggested the optimal value ofλ being reasonably close 8 to 0. Transformations of x q , q ∈ (0, 1) were not used in this paper since the focus is on extracting and distinguishing the multiplicative effects if such were present, instead of just normalizing the data. Additionally, log-transformation is useful since it does not heavily alter the interpretation of the variable, because in certain cases the differences of logarithmized data are very close to the percentage growth of the original data.
Further, some of the available data has relatively large spikes (outliers) at certain time periods, with a comparably small volatility during the other remaining time periods, therefore such a variable may be included to the final model not as an explanatory variable, but rather as a dummy variable, helping the model fitting some of the sudden shocks in the data, but providing no additional information to the forecasts 9 . Therefore, an additional heuristic rule have been applied to filter such variables from the final dataset: the variable was not included in the final dataset if the ratio of maximum to average value, when adjusted by standard deviation, was larger than 10. It was found that the inclusion of such variables to the final dataset resulted in much worse forecasting accuracy, especially during the crisis periods, when they were included in the models as dummy variables to explain the sudden shock. Table 9 : Acronyms and full names of all of the variables, used in presenting the top preselected variables in the pseudo-real-time experiments, together with the transformation applied and the publication lag of the variable. Ordinary acronym corresponds to the one used in the FRED's database, while the addition of "IFS" denotes the source of the data being the IMF IFS database. 7 It can be noted that no series required more than 2 differences taken. 8 The transformation in this paper was applied if the estimated value of λ was smaller than 0.8. 9 It's even worse if the sudden shock is relatively recent, since it may strongly affect the individual forecasts of such a series. 
B Main variables used in the modelling
